The aim of this study is to investigate individual and joint associations of the home environment and the neighborhood built environment with adolescent dietary patterns and body mass index (BMI) z-score. Racially/ethnically and socioeconomically diverse adolescents (n = 2682; 53.2% girls; mean age14. 4 years) participating in the EAT 2010 (Eating and Activity in Teens) study completed height and weight measurements and surveys in Minnesota middle and high schools. Neighborhood variables were measured using Geographic Information Systems data. Multiple regressions of BMI z-score, fruit and vegetable intake, and fast food consumption were fit including home and neighborhood environmental variables as predictors and also including their interactions to test for effect modification. Supportive family environments (i.e., higher family functioning, frequent family meals, parent modeling of healthful eating) were associated with higher adolescent fruit and vegetable intake, lower fast food consumption, and lower BMI z-score. Associations between the built environment and adolescent outcomes were fewer. Interaction results, although not all consistent, indicated that the relationship between a supportive family environment and adolescent fruit and vegetable intake and BMI was enhanced when the neighborhood was supportive of healthful behavior. Public health interventions that simultaneously improve both the home environment and the neighborhood environment of adolescents may have a greater impact on adolescent obesity prevention than interventions that address one of these environments alone.
INTRODUCTION
While obesity rates among adolescents have started to plateau for some racial/ethnic groups, 1-5 the prevalence of adolescent obesity remains at an all-time high posing a major public health concern. 4,5 A related concern is the dietary intake of adolescents. Fewer than 1 in 10 American adolescents meet the daily recommendation for fruit or vegetable intake. 6, 7 About 33 percent of children and adolescents in the United States consume fast food on a typical day, and intake increases with age. 8, 9 Furthermore, it is estimated that on average adolescents visit fast food restaurants approximately twice a week. 10 Although previous research has provided a good understanding of individual-level risk (e.g., fast food consumption) and protective factors (e.g. fruit and vegetable intake) that are associated with adolescent obesity, the relationship between multiple contexts, such as the home food environment (e.g., family meals, family functioning, modeling of health behaviors) and the neighborhood built environment (e.g., density of fast food, distance to closest supermarket) has been largely overlooked in relation to adolescent dietary intake patterns and obesity. Because these environments co-exist in adolescents' lives, it is important to understand the individual and joint relationships between the home environment and the neighborhood built environment and adolescent obesity in order to identify which combinations of factors within these two environments are associated with increased or decreased protection against adolescent obesity. Futhermore, NIH and other entities have called for such multi-contextual analyses to improve our understanding of the complex systems in which people live and by which they are influenced. 11 The majority of previous research has examined associations between single contexts, such as, the home food environment or the built environment, and adolescent weight and weightrelated outcomes. Prior research on the home environment has shown associations between a healthful family home environment and more healthful dietary intake, less fast food consumption and a lower prevalence of overweight/obesity in adolescents. [12] [13] [14] [15] [16] [17] Specifically, associations between characteristics of the home environment, such as parent modeling and encouraging of healthful eating, frequent family meals and high family functioning have been identified as protective, although not all associations are found consistently. 13, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] Less research has examined associations between neighborhood characteristics (e.g. food access, fast food density) and youth health behaviors and the findings have been mixed. For example, some studies have shown that close proximity/access to convenience stores and poor access/proximity to supermarkets is associated with increased overweight/obesity in youth and low fruit and vegetable intake, whereas other studies have shown a positive association between having fresh fruits and vegetables available in small food stores (i.e., convenience store) that are close to residential households and higher intake of fruits and vegetables in adolescents, and still other studies have shown no association or minimal relationships between environmental variables and adolescent weight and weight-related behaviors. [27] [28] [29] [30] [31] Thus, in general, previous research has found that the home environment is associated with dietary intake and weight status in adolescents, while associations between the neighborhood environment and similar outcomes are less consistent. A next step is to examine both the independent and joint relationships between the family home environment and the neighborhood built environment to characterize the relationships between these factors and to identify key factors across multiple contexts in the lives of adolescents that contribute to adolescent fruit and vegetable intake, fast food consumption, and weight status.
The Ecological framework 32, 33 supports the importance of examining the multiple contexts within which adolescents' reside and are influenced in order to more clearly understand potential underlying mechanisms of adolescent obesity. Specifically, the Ecological framework indicates that there are multiple contexts of influence on adolescents' weightrelated behaviors, such as one's own individual behavior (e.g., fruit and vegetable intake), the home environment (e.g., family functioning, modeling of health behaviors, availability of healthful foods), interpersonal relationships (i.e., communication, connectedness), and neighborhood (e.g., built environment such as fast food establishments) and larger community forces (i.e., crime, politics). For example, an adolescent who lives in a home where there is higher family functioning (i.e., acceptance, problem solving), family meals eaten together, and who also lives in a neighborhood that has fewer fast food establishments or convenience stores close by would be expected to have lower weight status and healthier eating behaviors than an adolescent without this accumulation of supportive environments. Thus, being able to examine all of these factors independently and in combination will highlight more clearly the role of the multiple influences on adolescent weight and weightrelated behaviors. The current study's design, measures, research questions and hypotheses are guided by this theoretical framework.
The main hypothesis of this paper is: adolescents who experience both health-supporting neighborhoods (i.e., fewer fast food establishments, fewer convenience stores, nearby supermarkets) and family environments (i.e., higher family functioning, more family meals, parent encouraging and modeling of healthful eating) will have a higher intake of fruits and vegetables, lower fast food consumption and lower BMI. Examining this joint association will allow for identifying whether and how the surrounding built environment moderates the association between a healthful home environment and healthful dietary intake and risk for overweight/obesity in adolescents. Results from the current study are expected to inform future intervention research by guiding the implementation of multi-level interventions that simultaneously target family and neighborhood variables.
METHODS

Study Design and Population
Data were drawn from EAT 2010 (Eating and Activity in Teens), a population-based study examining environmental and individual determinants of adolescents' dietary intake, physical activity, weight control behaviors, and weight status. The study population includes adolescents from 20 public middle schools and high schools in the Minneapolis/St. Paul metropolitan area of Minnesota, which serve socioeconomically and racially/ethnically diverse communities. There were 2,682 adolescents who completed surveys and anthropometric measures during the 2009-2010 academic year and for whom Geographic Information Systems (GIS) data were available to describe their neighborhood environments. Mean participant age was 14.5 years (SD=2.0); 45.1% were in middle school (6th-8th grades) and 54.9% were in high school (9th-12th grades). Participants were equally divided by gender (53.5% girls). Racial/ethnic backgrounds represented were: 18.7% white, 29.2% African American or Black, 20.1% Asian American, 17.1% Hispanic, 3.4% Native American, and 11.5% mixed or other. Participants were distributed across five socioeconomic status (SES) strata: 29.4% low SES, 24.3% low-middle SES, 33.3% middle SES, 6.4% upper-middle SES, and 2.8% high SES.
Adolescent Assessments: Survey Development and Measures
The EAT 2010 survey is a 235-item self-report instrument assessing a range of factors of potential relevance to weight status and weight-related behaviors among adolescents. Survey development was guided by a review of previous Project EAT surveys 34, 35 to identify the most salient items; a theoretical framework, which integrates an Ecological perspective with Social Cognitive Theory; 36, 37 expert review by professionals from different disciplines; and pilot testing with adolescents (n=56) for clarity, readability and relevance of the survey items. After revisions, the survey was additionally pilot tested with a different sample of adolescents (n=129) to examine the test-retest reliability of measures over a one-week period. Reliability results were used to make final changes to the survey.
Family functioning-Six items were drawn from the general functioning scale of the Family Assessment Device (FAD) 38, 39 to measure overall family functioning. The general functioning scale on the FAD measures structural and organizational properties of the family group and the patterns of transactions among family members which have been found to distinguish between "healthy" and "poor functioning" families. Six dimensions of family functioning were assessed including: problem solving, communication, roles, affective responsiveness, affective involvement, and behavior control. Adolescents were asked, "How strongly do you agree with the following statements? For these questions, think about your family in general (including your parents and your brothers and sisters). (a) Family members are accepted for who they are; (b) Making decisions is a problem for the family; (c) We don't get along well together; (d) We can express feelings to each other; (e) Planning family activities is difficult because we misunderstand each other; (f) We confide in each other (By 'confide' we mean to trust your family members enough to tell them something that is important to you)." The response options included: strongly disagree, somewhat disagree, somewhat agree, and strongly agree. The responses were assigned values 1-4 and all statements were converted to the positive form before the values were summed. The range of responses for this scale was 6-24, with higher scores representing healthier family functioning (Scale alpha = 0.70).
Frequency of family meals-To assess family meal frequency, adolescents were asked: "During the past seven days, how many times did all, or most, of your family living in your house eat a meal together?" Response options included: never, one to two times, three to four times, five to six times, seven times, and more than seven times (Test-retest r = 0.63). The highest two categories were collapsed and responses were coded numerically as 0, 1.5, 3.5, 5.5, and 7.
Parent encouraging healthful eating-Adolescents' perception of whether their parents encouraged them to eat healthfully was measured by asking separately for each parent, "My mother [father] encourages me to eat healthy foods." Response options included: not at all, a little bit, somewhat, or very much (Test-retest mother r = 0.47, father r = 0.66). The mean of the adolescent's responses for both mothers and fathers were summed together to create one item (Scale alpha = 0.58).
Parent modeling healthful eating-Adolescents' perception of their parents' modeling healthful eating was adapted from a previous measure. 40 Adolescents were asked the following questions for each parent: (1) "My mother [father] eats a lot of fruit; (2) My mother [father] eats vegetables at dinner; and (3) My mother [father] drinks milk at dinner." Response options included: never, rarely, sometimes, or on a regular basis (Test-retest mother r = 0.67-0.70, father r = 0.52-0.69). The means of each adolescent's responses for both mothers and fathers were summed together to create one item (Scale alpha = 0.71).
Frequency of eating meals as a family at a restaurant-
The frequency of family eating out was assessed by adolescent self-report. Adolescents were asked, "In the past week, how many times did all, or most, of your family living in your household eat out together at a restaurant?" Response options were ranged from never, 1 time, 2 times, or three or more times (Test-retest r =0.55).
Adolescent fruit/vegetable intake-Dietary intake was assessed with the 149-item
Youth and Adolescent Food Frequency Questionnaire (YAQ). 41 For fruit and vegetable intake, daily servings were defined as the equivalent of one-half cup. Validity and reliability of the YAQ have been tested among a random sample of children (9-18 years) of participants in the Nurse's Health Study and found to be within acceptable ranges for dietary assessment tools. 41, 42 Test-retest correlations between two YAQs over a one-year period were 0.49 for fruit, and 0.48 for vegetables. Responses to questions on the frequency of intake of fruits and vegetables (excluding potatoes) were summed to assess average total daily intake.
Adolescent fast food consumption-Adolescent fast food intake was assessed with the question: "In the past month, how often did you eat something from the following types of restaurants (include take-out and delivery)?" Five separate categories of fast-food restaurants (burger-and-fries, fried chicken, Mexican, pizza, and sandwich/sub restaurants) were listed, and for each one response options were never/rarely, 1-3 times per month, 1-2 times per week, 3-4 times per week, 5-6 times per week, and 1+ times per day. Responses were scored to times/week respectively as: 0, 0.5, 1.5, 3.5, 5.5, and 7 and were summed across the five fast-food restaurant types (Test retest = 0.49). To prevent outlying values from influencing results, responses were truncated at 21 times per week (i.e., 3 fast food meals per day).
Adolescent body mass index (BMI) z-score-Students' height and weight
measurements were taken at school by trained research staff in a private area with standardized equipment and procedures. Students were asked to remove shoes and outerwear (e.g., heavy sweaters). BMI values were calculated according to the following formula: weight (kg)/height (meters) 2 and gender-and age-specific percentiles were determined using reference data from the Centers for Disease Control growth tables in order to calculate BMI z-scores. BMI z-scores represent the number of SDs a participant's BMI is above (positive) or below (negative) the standard population mean. 43 Covariates-Race/ethnicity, socio-economic status (SES), and age were assessed by selfreport as part of the EAT 2010 survey. 44 Race/ethnicity was assessed with the question: "Do you think of yourself as…? (1) White, (2) Black or African American, (3) Hispanic or Latino, (4) Asian American, (5) Native Hawaiian or Pacific Islander, (6) American Indian or Native American, or (7) Other". Since only 35 adolescents reported ''Hawaiian or Pacific Islander'' they were coded as ''mixed/other". Classification tree methodology 36 was used to generate five categories of SES (Low SES, Low-Mid SES, Middle SES, Mid-High SES, High SES) 27 . The prime determinant of SES was the higher education level of either parent. Subsidiary variables were family eligibility for free/reduced lunch, family receipt of public assistance, and parent employment status. 45, 46 
Neighborhood Environment Assessment: GIS Data Sources and Variable Definition
GIS data sources were used to examine access to fast-food restaurants, convenience stores, and supermarkets/super centers within residential neighborhood environments. ArcGIS Version 9.3.1 (Esri, Redlands, California, 2009) was used for geocoding each participant's home address and commercial database (accessed through Esri Business Analyst, 2010) 47 were used to create distance and density variables describing food access. Each neighborhood food access variable was created uniquely for each participant using street network buffers centered at the participant's home address. All distance variables were derived using the automobile-accessible road network between a participant's home and the nearest destination. Additional details on the protocols for deriving neighborhood environment variables have been previously published. 48 
Presence of a nearby fast food restaurant and restaurant density-The North
American Industrial Classification System (NAICS) codes 722110, 722211, 722212, and 722213 were used to identify restaurants and both chain names and 18 key words (e.g., take out, fried, pizza) were used to classify fast-food restaurants. A dichotomous measure was derived and taken to equal one when the distance via the road network to the nearest fastfood restaurant was less than 1200m. 49, 50 Density of fast-food restaurants was also examined using network buffers centered at a participant's home and by counting the total number of fast-food restaurants reachable within 1600m (approximately 1 mile). Buffer distances were chosen based on our previous research and research showing buffer distances between 1200m-1600m are within a reasonable walking distance or a short bus ride/ drive. [49] [50] [51] Based on previous research, a variable indicating a high density of fast-food restaurants was taken to be one when at least 5 fast-food restaurants (the sample median) were accessible within 1600m of the participants home. 33, 49, 51 Presence of a nearby convenience store-The NAICS codes 44512, 44711, and 44719 were used to identify convenience stores, including gas stations. A dichotomous measure was derived and taken to equal one when the distance to the nearest convenience store was less than 1200m (a cut-off previously found to be related to BMI z-score and present for 88% of the sample). 49 Presence of a nearby supermarket or super center-A list of local chain names was used to identify supermarkets (e.g., Cub Foods, Stillwater, MN) and super centers (e.g., SuperTarget, Target Brands, Inc., Minneapolis, MN). A dichotomous measure indicating the presence of a nearby outlet was derived to equal one when the distance to the nearest outlet was less than 2400m (the median distance to the nearest supermarket found in the sample) 49 and zero otherwise.
Overall summary score measures for family and neighborhood environments -In addition to the individual survey items/scales, an "Overall Summary Score" was created to summarize the supportive qualities of the home environment and the neighborhood built environment. A total of five measures are considered for the family environment and four for the neighborhood environment. To help facilitate interpretation of an overall effect of these specific variables, summary scores were created by summing dichotomized variables within the two domains so that higher values represent more supportive qualities for the home environment summary score and lower values represent more supportive qualities for the neighborhood environment summary score. All of the neighborhood environment variables were already dichotomous before summing, the family environment variables were first dichotomized at their median and then summed. When creating the summary scores there were two variables reverse coded: eating out family meals was reverse coded so that higher values indicated less eating out, and the nearby supermarket variable was reverse coded so that higher values indicated no nearby supermarket. The family environment summary score ranged from 0-5 (mean = 3.0 SD=1.3) and neighborhood environment summary score ranged from 0-4 (mean = 2.7, SD=1.0), both scores were standardized for comparability in regression analyses.
Statistical Analysis
The associations of family and neighborhood environmental variables with BMI z-score, daily servings of fruits and vegetables, and weekly consumption of fast food were estimated using separate multiple regressions of each outcome on each environmental predictor, controlling for age, SES, and race/ethnicity. The beta estimate from each regression represents the mean difference in the outcome for individuals with the same control variables who are one unit different on the environmental predictor. Because of the use of individual household buffers to create neighborhood environmental variables specific to each individual, regression analyses are done at the individual level without the need for introducing a hierarchical statistical structure. Analyses were stratified by gender, based on previous research showing adolescents differ on dietary outcomes. [52] [53] [54] To examine for interaction effects between the environmental and family variables on the outcomes, separate regressions were run for all combinations of family variables (i.e. family functioning, family meals, frequency of family eating out, parent encouragement for healthful eating, parent modeling of health eating) treated as continuous with neighborhood variable (i.e. high density of fast food restaurants, fast food restaurant within 1200m, convenience store within 1200m, and nearby supermarket, nearby convenience store, all treated as dichotomous. Analyses were stratified by gender. In total 120 (3 outcomes*4 neighborhood predictors*5 family predictors*2 genders) interactions were tested between neighborhood and family predictors. Six additional interactions were tested between the summary scores for neighborhood and family with the three different outcomes within both genders. Although the large number of tests might provoke the idea to correct for multiple testing, due to the still somewhat exploratory nature of this research and the reduced power associated with identifying interactions, a more liberal critical alpha value of 0.10 was used. Graphical presentation of some significant interactions are presented to facilitate interpretation where family variables are fixed at low and high values corresponding to their 25 th and 75 th percentiles. All analyses were performed in SAS (V9.2, Cary NC, 2011).
RESULTS
Associations of home and neighborhood environment variables with adolescent outcomes
BMI-Overall, there were several significant associations between characteristics of the family environment and adolescent BMI and few significant associations between the built neighborhood environment and BMI z-score for adolescents, after controlling for age, SES, and race/ethnicity (Tables 1-2) . Specifically, for the family environment variables, higher frequency of family meals was associated with lower BMI z-score in adolescent boys (beta = −0.03; p = 0.049) and girls (beta = −0.05; p < 0.001). Higher family functioning and parent modeling of healthful eating was associated with lower BMI z-score for adolescent girls (beta = −0.06; p = 0.02). Additionally, frequency of family eating out was inversely associated with BMI z-score in adolescent boys (p < 0.05). There were no significant associations between the family summary score and BMI.
For the built environment variables, having a convenience store close was significantly associated with higher BMI z-score in adolescent girls (beta = 0.22; p = 0.005) ( Table 2) and having a riskier neighborhood score (i.e., neighborhood summary score) was associated with higher BMI z-score for adolescent boys (beta = 0.09; p = 0.007). All other associations between the neighborhood built environment and adolescent girls' and boys' BMI z-scores were non-significant.
Fruit and vegetable intake-Overall, positive characteristics of the family environment (i.e., high family functioning, frequent family meals, high parent encouraging/modeling of healthful eating, high family summary score) were associated with higher fruit and vegetable intake for adolescent boys and girls, whereas, associations between aspects of the neighborhood built environment (i.e., high fast food, presence of a nearby convenience store or supermarket/super center) were minimal in relation to adolescent fruit and vegetable intake, after controlling for age, SES, and race/ethnicity (Tables 1-2) . Specifically, for the family environment variables, higher frequency of family meals and parent encouraging and modeling of healthful eating was associated with more fruit and vegetable intake in adolescent boys (beta = 0.14, 0.30, 0.50 respectively; p < 0.001 for all associations) and girls (beta = 0.14, 0.31, 0.43 respectively; p < 0.001). Additionally, higher family functioning was associated with more fruit and vegetable intake for adolescent girls only (beta=0.13; p = 0.021). Higher frequency of family eating out was associated with more fruit and vegetable intake in adolescent boys (beta = 0.30; p < 0.001) and girls (beta = 0.27; p < 0.001). Furthermore, a high family summary score (i.e., higher is better environment) was associated with more fruit and vegetable intake in adolescent boys (beta= 0.28; p < 0.001) and girls (beta = 0.33; p < 0.001).
For the built environment variables, only having a convenience store nearby was significantly associated with higher fruit and vegetable intake in adolescent girls' (beta = 0.46, p = 0.021) ( Table 2 ). All other associations between the neighborhood built environment and adolescent girls' and boys' fruit and vegetable intake were non-significant.
Fast food consumption-Overall, positive characteristics of the family environment were associated with lower fast food consumption for adolescent boys and girls, while associations between aspects of the neighborhood built environment were minimal in relation to adolescent fast food consumption, after controlling for age, SES, and race/ ethnicity (Tables 1-2) . Specifically, for the family environment variables, higher frequency of parent encouraging and modeling of healthful eating was associated with less fast food consumption in adolescent boys (beta = −0.60. −0.54 respectively; p < 0.001) and girls (beta = −0.30, −0.16 respectively; p < 0.001). Additionally, higher family functioning was associated with less fast food consumption for adolescent boys (beta= −0.39; p <0.001), but not girls. Higher frequency of family eating out was associated with higher fast food consumption for adolescent boys and girls (p < 0.001). Furthermore, a higher family summary score was associated with less fast food consumption for adolescent boys (beta = −0.87; p < 0.001) and girls (beta = −0.52; p < 0.001).
For the built environment variables, only having a fast food restaurant close was significantly associated with higher fast food consumption in adolescent boys' (beta = 0.65, p = 0.017) ( Table 2 ). All other associations between the neighborhood built environment and adolescent girls' and boys' fast food consumption were non-significant.
Combined influence of home and neighborhood environment variables on adolescent outcomes
Although there were many nonsignificant interactions between the home and neighborhood environment variables, the eighteen (18/126) interactions that were statistically significant (eight interactions p< 0.05; ten interactions p<.10) indicated that the associations between specific family environment characteristics and adolescents' dietary intake, fast food consumption and BMI were stronger when families lived in neighborhoods with more health-promoting qualities (a selection of significant interactions are shown in figure 1 ). For example, the associations between both higher family functioning in boys (beta = 0.06, p = 0.047) and more frequent family meals in girls (beta = 0.20, p < 0.001) and adolescent fruit and vegetable intake were enhanced when there was low density of fast food restaurants in the neighborhood (interaction test p-value boys = 0.094, girls = .019) (Figures 1a-b) . Similarly, for girls with a supermarket nearby, parental encouragement for healthful eating (beta = 0.52, p < 0.001) had a stronger association with fruit and vegetable intake than if the most accessible supermarket was far away (interaction test p-value = .002) (Figure 1c ). Additionally, for adolescent boys, the positive association between parental encouragement (beta= 0.59, p> 0.001) of healthful eating and more fruit and vegetable intake was stronger when the most accessible fast food restaurant was far away rather than when it was nearby (interaction test p-value = 0.033) (Figure 1d ). Furthermore, for adolescent boys, the protective association between family meal frequency and adolescent boys' BMI (beta = −0.05, p = 0.010) was only seen in neighborhoods with low density of fast food (interaction test p-value = 0.090) (Figure 1e ). Similarly, in boys, there was a protective association between parental modeling of healthful eating with lower BMI z-score that was only seen in low density fast food neighborhoods (beta = −0.04, p = 0.009, interaction test p-value = 0.005) or neighborhoods with no convenience store nearby (beta modeling = −.05, p = 0.062; interaction test p-value = 0.078) (Figures 1f-g) . Finally, when we consider the interaction between the summary scores for family and neighborhood on the three outcomes we find only one to be significant which was for boys' BMI z-score. The protective effect of higher family environment summary scores on BMI was found to be stronger in the neighborhoods with better built environment summary scores (interaction test p-value = 0.080).
Thus, the significant interactions between family environment and neighborhood characteristics, while exploratory in nature, suggest that supportive home environments have a stronger association with adolescent healthful dietary intake and BMI when they are coupled with healthful neighborhood environments.
DISCUSSION
The main aim of this study was to investigate whether and how the home environment and the neighborhood built environment are individually and jointly associated with adolescent fruit and vegetable intake, fast food consumption and BMI z-score. Results from the current study support previous research showing significant independent associations between a healthful home environment and more healthful dietary intake in adolescents, less fast food consumption and lower BMI z-score. 12, 14, 23, 55, 56 Likewise, results confirm previous research showing minimal significant independent associations between the neighborhood built environment (e.g., many fast food restaurants, convenience stores) and healthful dietary intake and lower BMI in adolescents. [27] [28] [29] The current study extends previous research by looking at the joint relationship between the home environment and the neighborhood built environment and adolescent dietary intake, fast food consumption and BMI z-score. Results, although exploratory in nature, suggest that living in a healthful neighborhood where there is low density fast food, close supermarkets, and convenience stores and fast food restaurants that are further away may enhance associations between a healthful home environment (i.e., high family functioning, frequent family meals, parent encouraging and modeling of healthful eating) and more healthful dietary intake, less fast food consumption, and lower BMI z-scores in adolescents. One possible explanation for these findings is that families who have supportive home environments, including frequent family meals, high family functioning, parental modeling and encouraging healthful eating, intentionally choose supportive neighborhoods, including low density fast food, close supermarkets and far away convenience stores and fast food restaurants, and the combination of these choices creates an additive benefit for their children's dietary patterns and BMI. Another explanation is that families with more supportive home environments live in higher socioeconomic status neighborhoods that also happen to have fewer fast food and convenience stores nearby.
Recent research has highlighted the complexity of adolescent obesity and the need to address the issue from multiple levels. [57] [58] [59] Results from the current study support this idea and may inform adolescent obesity prevention efforts by identifying ways to tailor multi-level interventions with families of adolescents. For example, if families live in supportive neighborhood environments it may be important to focus interventions on helping parents to create a healthful home environment (e.g., frequent family meals and encouraging and modeling healthful eating is important) in order to benefit from the combined influence of a healthful home environment and neighborhood environment. If families live in unsupportive neighborhoods, it would be important to work with parents to help them counter the competing influences of the neighborhood (e.g., fast food restaurants, convenience stores) in addition to providing a home environment that is supportive of healthful eating.
There were some unexpected findings in the current study, including the frequency of family eating out being significantly associated with lower BMI z-score in adolescent boys and the closeness of a convenience store being significantly associated with higher fruit and vegetable intake in adolescent boys. Other research has shown that frequent family meals are associated with lower BMI overtime for adolescents. 60 Thus, it may be the case that having a family meal, regardless of the location (e.g., home or at a restaurant) is protective for adolescent BMI. Additionally, the positive association between proximity to a convenience store and adolescent fruit and vegetable intake may be a result of some convenience stores now carrying more fresh produce such as fruits and vegetables. 30, 61 However, it remains unclear as to the specific mechanism(s) for these unexpected associations.
Study strengths and limitations should be taken into account when interpreting the study findings. The current study has several strengths, including the use of a large, diverse, population-based sample. An additional strength of the study is that several of the variables were directly measured, limiting the potential for self-report bias. Specifically, heights and weights were directly measured and a comprehensive set of objectively measured neighborhood characteristics were derived based on state-of-the-art, standardized GIS protocols centered at participants' home residences. There are also potential study limitations. First, all participants were drawn from 20 schools within two metropolitan school districts, thus, lack of variability between schools and neighborhoods may have limited our ability to detect associations. Additionally, the data are cross-sectional, limiting our ability to infer causal relationships. Another limitation is the use of self-report measures for gathering dietary intake, however, food frequency questionnaires have been found to highly correlate with objectively measured 24-hour dietary recalls. 41, 42, 62 Furthermore, although several measures were taken from scales, some of the items were single-item measures and three of the items had moderate (i.e., < 0.50) test-retest reliability correlations (i.e., fruit and vegetable intake and fast food consumption) and one scale had moderate internal consistency (i.e., 0.58). There may also be possible classification and address errors in the GIS data. 63, 64 Finally, because of the many interaction tests, and several nonsignificant interaction findings, it is important to remember these results are exploratory.
Future research should look at other levels of influence on the family environment in adolescents' lives, such as school, work and peer influences in order to get a more comprehensive picture of the multiple levels of influence that contribute to adolescent obesity. In addition, multi-level, longitudinal studies are important in order to identify predictors of adolescent obesity on multiple levels. Furthermore, studies that compare interventions that focus on the neighborhood environment only, the family environment only, or both together would be important to carry out in order to confirm results from the current study.
CONCLUSIONS
Results of the current study indicate that the association between a healthful home environment and adolescent healthier dietary intake and lower BMI may be enhanced when coupled with healthful neighborhood environments. Thus, it may be important for prevention efforts to tailor interventions for adolescents who live in certain environments that help or hinder their efforts for a healthful home environment in order to be more effective in reducing adolescent obesity. Additionally, findings from this study suggest that it may be important for public health interventions to simultaneously target the both the home and the neighborhood environments of adolescents in order to have the greatest impact on adolescent obesity prevention. Table 1 Main Effects: Adjusted regression coefficients * : Associations between family environment variables and adolescent BMI, fruit and vegetable intake and fast food consumption Main Effects: Adjusted regression coefficients * . Examining the association between neighborhood environment variables (dichotomized at median) and adolescent BMI, fruit and vegetable intake and fast food consumption b Neighborhood summary score = High density of fast food + Fast Food within 1200m + Convenience Store within 1200m + No nearby Supermarket. A higher score indicates less supportive neighborhood environments. Total score is standardized.
a-d: Interactions between Family Home Environment Variables and Neighborhood Environment Variables on Adolescent Fruit and Vegetable Intake e-g: Interactions between Family Home Environment Variables and Neighborhood Environment Variables on Adolescent BMIz
